The aim of this paper is to investigate provincial income inequality, the degree of spatial autocorrelation between provinces in Turkey and to determine whether low and high income provinces are randomly distributed or not. Gini Results indicate that coefficients are increasing throughout the period, and regional income inequality is increasing over time. The difference between the Weighted and Unweighted Gini coefficients reveals that the level of inequality further increases when population shares of provinces are taken into consideration. Spatial autocorrelation results indicate that there is a strong spatial autocorrelation between provinces. Low (high) income provinces are mostly surrounded by low (high) income provinces. Results also indicate a tentative border between the high income west and poor income east provinces. This border moves even further west throughout the period under question. This fact may be interpreted as further concentration of richness at the western provinces.
Introduction
The source and evolution of income inequality and counter policies to reduce it are some of the main issues of economics. What is understood by "income inequality" is generally the inequality between different income groups. Yet, recently, the income inequality also refers to income differences between genders, ethnic groups, education levels. In this regard, especially after the World War II, income inequality between countries or regions of a particular country started to gain importance.
The main reason of regional income inequality is the concentration of economic activities in some particular regions of the country. This problem concerns a wide variety of countries, ranging from the most developed countries like the U.S., Germany and Japan to developing countries like Brazil, Poland and Turkey. The geographic size of the country does not matter either; both large countries like China, Russia and small countries like Luxembourg, Belgium suffer from regional income inequalities.
In the Turkish case, especially after 1980, the increase in economic integration with the western economies led to an increase in the strategic importance of Turkey in the global arena and ultimately has caused an economic transformation within the regions of Turkey. Only some particular sectors, labor force and some particular lifestyles could survive in this process. In this regard, during this process, some regions of Turkey have been kept away from economic growth. This implicit enforcement further increased the poverty in externalized regions. Rich regions increased their richness by using the resources (especially labor and capital) of the poor regions and this vicious circle prevented the poor regions to encounter high growth rates.
Studies on regional income and migration indicate that the income inequality between regions of Turkey has increased after adoption of liberal policies in the early 1980's. Though there are earlier studies on this issue, convergence as a policy item is a new addition to the development agenda. The State Planning Organization (SPO) (and recently Ministry of Development) has defined the socio-economic development levels of provinces in 1981, 1985, 1991, 1996 and 2003 , and the conclusions of these reports are similar, indicating that the economic duality between the east and the west of Turkey is becoming more apparent year after year.
There is a considerable amount of literature devoted to the theory and application to reduce regional income inequality. One may easily categorize the literature into two opposing arguments. Some argue that poor regions grow faster than rich regions in terms of Gross Domestic Product (GDP) per capita. According to this theory, the initial period per capita income level and per capita income growth rate are inversely related. The high initial income level leads to low growth rates and the low initial income level leads to high growth rates. Therefore, when a comparison between two economies with some unequal levels of initial per capita income is made, the growth rates will favor the poor, which turns out to decrease the degree of regional income inequality. On the other hand, some believe that poor regions are externalized as the level of liberalization and globalization increases, and these externalized regions will be worsened in terms of unemployment, living standards and economic growth. Thus, struggling with regional income inequality needs some counter measures.
There are two motives of this study; (a) to determine level of inequality at the provincial level, (b) to determine the spatial autocorrelation and envisage the evolution of income clusters in Turkey. The second part of the study is devoted to a brief literature review. In the third part, data and methodology are discussed. The fourth part is devoted to findings and the last part includes conclusion.
Literature Review
The regional income inequality may be regarded as sub-discipline of income distribution and inequality; therefore, the techniques in measuring the regional income inequality were adopted from the theory of income distribution and inequality. While the theory of income distribution deals with the incomes of factors of production like labor and capital, the regional income distribution deals with the distribution of income among regions of a country. An introduction to the income distribution theory would be useful in understanding the evolution of regional income distribution theory.
The distribution of income between households is known as the "distribution of income". The "functional income distribution", on the other hand, refers to the distribution of income among factors of production. For both definitions, there are two main questions to be answered; (i) why are some people rich and others poor, (ii) whether the observed distribution of income can be considered to be satisfactory in terms of economic and social welfare? A wide variety of economists, including Adam Smith, Karl Marx, John Maynard Keynes, have dealt with the possible answers to these questions for more than 250 years.
The neo-classical approach to the problem was formulated in the last quarter of 19th century and is known as "marginal productivity theory of distribution". According to this theory the income of a particular input is determined by marginal product of that input. This way of theorizing income distribution did not solve the problem but instead further increased the debate on this issue. While this debate on distribution of income between individuals occupied economists, a new aspect of the problem aroused after the Second World War. The distribution of income between nations became as important as the distribution of income between individuals (DeJuan & Tomljanovich, 2005) . When the focus of income distribution shifted to the national level, two opposing thoughts have emerged.
On one side, some authors argued that post-war developments in the world economy, are irreversible and they are beneficial for the poor economies (e.g. Kuznets (1955) , Barro & Sala-i Martin (1992) . Specifically the dynamics of economic development and globalization will ultimately ensure high growth rates in poor nations and the income level of these poor nations will approach to those of the rich nations. This way of thinking has enabled the so called "income convergence theory".
However, on the other side, some argued that, globalization increases unemployment rates and decreases economic growths in poor countries and, thus, increases the income inequality between nations (Rodrik (1997), Falk (1999) , Dinler (2005) ). In other words, the natural forces of globalization lead to divergence rather than convergence in incomes.
The debate on costs and benefits of globalization is increasing year after year. The importance of this debate for the regional level is that the shift in focus of income distribution theory from individual level to national level accelerated the number of studies focusing on inequalities between regions of a particular country. While originally it dealt with income inequalities between income groups, Kuznets' 1955 presidential address to the American Economic Association may be regarded as the starting point of regional income convergence theory. The idea underlying Kuznets arguments became the backbone of regional income convergence theory which simply argues that at the first stages of economic growth, inequalities between income groups will increase, but then after a turning point, these inequalities will start to disappear.
At this point we should focus on empirical studies investigating the convergence between regions of a country and especially on those between provinces in Turkey. We may infer that if there exists a convergence between provincial incomes, the Gini coefficient will decrease and the income clusters will vanish. The research of Erk, Ateş, and Direkçi (2000) deserve mentioning. Erk et al. have argued that successively constructed convergence attempts have their own biases due to neglected explanatory variables like economic and social factors. In order to catch the real convergence (divergence) patterns, additional explanatory variables like human capital and physical capital should be included in the model. Conditional convergence results of Erk et al. are in contrast with other studies on Turkey. Authors found that if Marmara region is excluded there is evidence of regional income convergence among geographic regions of Turkey.
Karaca (2004) Empirical studies on income distribution, with little exception, reveal that there is no evidence of a strict convergence among provinces or regions. The common idea in regional income literature (Akgüngör (2003) , Öztürk (2005) , Karaca (2004) , Erk, Ateş, & Direkçi (2000) , Başlevent and Dayıoğlu (2005) ) is that there might be three possible reasons for diverging regions in Turkey: (1) Turkey has not completed its development process so that inter-sectoral productivity differences remain, (2) the macro-economic environment and macro-economic policies have had different impacts on regions and/or (3) government policies geared toward closing income gap has been unfruitful.
Data and Model

Data
This study employs provincial Per-Capita GDP data. There are two practical problems regarding the data: The first problem may have been solved simply aggregating the per capita income of the new province with the province that it seceded from. However, while the second problem was being solved, intuitively the first problem was also solved. The second problem is typical for the developing countries where the GDP of provinces or sub-national regions are not calculated. In order to carry on studies that employ sub-national GDP figurers, Henderson, Storeygard and Weil (2012) proposed a readily available proxy, namely, GDP estimations based on Night Time Light (NTL). Authors developed a statistical framework that uses light emissions of a particular geographical region as an indicator of economic activity. The methodology is simple. First, percentage contributions of sub-regions to the total light emission of the country is calculated. Then the national GDP is distributed to these sub-regions according to their percentage contributions. The NTL maps are published by the National Oceanic and Atmospheric Administration's (NOAA) National Geophysical Data Center (NGDC) after processing the raw satellite images. (Henderson & Storeygard & Weil, 2012) .
By using this proposed technique, Başıhoş (2016) , estimated the provincial GDP values of 81 provinces for the period 1992 and 2013 in current dollars. The author concluded that at the national level the correlation between official and estimated data is 0.99938. Yet, no correlation was calculated at the provincial level. In order to reveal the power of estimations, we calculated additional correlation coefficients. On one hand we have the official provincial GDP figures published by TURKSTAT which covers the period 1987 -2001, on the other hand we have the estimations which covers the period 1992-2013. Apparently, the period between 1992 and 2001 is covered by both data sets. For most of the provinces 3 , we calculated the correlation between the official and estimated GDP values for the 10 overlapping years. On the average, the correlation coefficient turns out to be 0.963 indicating a strong estimation power. It has been also revealed by these provincial correlations that for those provinces whose territorial land is "normal", the estimated values are close the official statistics. The estimation power of the method decreases for relatively small provinces (i.e. Yalova, Kilis) and for relatively big cities (i.e. Konya, Sivas, Erzurum). The lowest correlation coefficient was captured for Kilis, where the coefficient was 0.8793. Given the information about the estimations of provincial GDPs, it is safe to conclude that the Night Time Light estimations are well working proxies for the provincial GDPs.
A final remark regarding the data is the categorization of high and low income provinces used in spatial autocorrelation analysis. The classification does not employ a constant, normative per-capita GDP value, instead those provinces whose income is higher than the country wise per-capita GDP of that particular year, are categorized as high income province, and vice versa. This way of categorization enables a floating benchmark per-capita GDP value throughout period which becomes even more crucial in countries, such as Turkey, which experience considerable increase in their per-capita GDPs throughout the period under investigation.
Methodology
The provincial income inequality is measured by employing regional Gini coefficient. While originally it measures the income inequalities among different income groups, Kakwani (1977) have modified the index in order to measure the income inequalities among the regions of an economy. When applied to regional income inequalities, the Gini index may be computed in two methods. The first method (call it unweighted Gini index) does not consider the population, whereas the second method (call it weighted Gini index) computes the Gini index given a set of income values and population weights given in Equations 1 and 2. where; Gu: Unweighted Gini index, Gw: Weighted Gini index, y: national GDP per capita, yi: GDP per capita of i th region, n: number of regions, p: total population, pi: population of i th region
The unweighted Gini index ( ) varies from 0 for perfect equality where total income is distributed evenly between regions, to 1 for perfect inequality where only one region gets the whole income. On the contrary the weighted Gini index ( ) takes the value 0 if regions' income shares are equal to their population shares, and 1 − ( ⁄ ) if one region gets whole income. ( ⁄ ) is the ratio of i th region's population to total population and if Pi is small compared to P, (i.e., if the region with a small proportion of the population) produced all of the GDP then the value for perfect inequality would approach 1. (Shankar & Shah, 2003) .
The interdependence or the spatial autocorrelation of regions will be calculated by employing the Moran's I and Moran Scatter-plot (Anselin, 1995) . Moran's I is a measure of spatial autocorrelation developed by Patrick A.P. Moran. Like the autocorrelation, spatial autocorrelation means that adjacent observations of the same variable are correlated. However, autocorrelation is about proximity in time whereas spatial autocorrelation is about proximity in (two-dimensional) space. Positive and high level Moran's I means that nearby areas have similar income patterns and indicates global spatial clustering. Whereas, Moran's I will be large and negative when rates are dissimilar. The Moran's I statistic is expressed as;
where; x is the per capita income of regions in form of deviations from means, wi,j is an element of a binary spatial weights matrix W such that if i and j are neighbors , = 1 and ( , ) = 0 if not. is the natural log of real per capita income in region i; n is the number of regions and 0 is a scaling factor equal to the sum of all the elements of the matrix W (Rey & Montouri, 1999) .
In the literature, in order to achieve more visualized presentation of spatial autocorrelation Moran scatter-plot is widely used (Anselin, 1995) . The graph visualizes the relation between the standardized per capita income and standardized spatial lag of per capita income. The spatial lag of per capita income is calculated by employing the formula below.
where Ws is the standardized matrix of nxn binary spatial weights matrix W (in our case 81x81) and y is the nx1 vector of per capita incomes (81x1). In Figure 1 there are four quadrants of the scatter-plot representing different spatial association. The first (upper right), second (lower right), third (lower left) and fourth quadrants (upper left) represent high income provinces with high income neighbors, high income provinces with low income neighbors, low income provinces with low income neighbors and low income provinces with high income neighbors respectively. The first and third quadrants pertain to the positive forms of spatial dependence while the second and fourth quadrant represents negative spatial dependence. The definition of high and low income province depends on whether the provincial income is above or below the country average.
Plotting these groups of provinces and regions on the map of Turkey for 1992 and 2013 will give us an insight of how income clusters are formed, and will enable us to reveal the economic performances of provinces throughout years under investigation.
Findings
The Gini Coefficient
Throughout the period under investigation, both the weighted and unweighted Gini show a steady decrease, indicating a recovery in terms of provincial income inequality. Yet, the degree of inequality shows considerable difference between weighted and unweighted measures. The mean of weighted Gini coefficient is 0.073, whereas the value increases to 0.30 when unweighted Gini is considered. In other words, the level of inequality detected by unweighted Gini coefficient is more than four times of what weighted Gini detected. This is not surprising. The weighted Gini, as explained above, takes population shares of provinces into consideration. If we define low income (high income) provinces according to whether or not the per-capita income of the province is below (above) the mean income, then the high income provinces accounts to 62% of the total population (50 million inhabitants). Apparently, the income inequality among high income provinces is less than that of low income provinces.
Figure: 2 The weighted and unweighted Gini coefficients: 1992-2013
The Gini measure detects some certain amount of income inequality. However, the Gini coefficient has nothing to say about the provincial income clusters. Up until now, we just determined the level of inequality but the spread of high and low income regions are still unknown. These provinces may be distributed randomly across the country or may follow some patterns. Whether the provincial income distribution follows a systematic pattern or not will be investigated by employing (a) global measure of spatial autocorrelation, (b) plotting Moran's scatterplot.
Global Measure of Spatial Autocorrelation (Moran's I)
The initial level of the global measure of spatial autocorrelation was 0.549, indicating a very strong relation between provinces' incomes and their neighbors weighted income. If a province is surrounded by high income provinces, then it is easy for that province to be a high income province as well. On the contrary, if on the average, a province is surrounded by low income provinces, then most probably it will remain in the low income category as well. This indicates that the high and low income provinces are not distributed randomly across the country, but instead there are some income clusters and these clusters are very rigid. Throughout the period under investigation, the global measure of spatial autocorrelation is facing a reduction after reaching its peak value of 0.623 in 1995. As of 2013, the figure has reduced to 0.495. This reduction in the global measure indicates that the clusters are losing their rigidity. In other words, the spatial interdependence of regions are decreasing over time. The reduction in global measure of interdependence may have originated from two events; (a) a low income province surrounded by low income provinces may have survived and found itself a place in the league of high income provinces, (b) a high income province surrounded by other high income provinces may have progressed bad and fallen into low income province category. The important point here is that the neighbors income is a weighted average, thus a province at the border between high and low income clusters may have both high income and low income neighbors. Apparently, to shift from high income to low income, or to shift from low income to high income category are much easier for these provinces compared to provinces that are entirely surrounded by either high or low income 
Moran's Scatterplot
In order to visualize the global measure, Moran's scatter plot may be employed. For the sake of simplicity, we have chosen four years; 1992 , 1998 and 2013 . In 1992 In all the selected year we see that majority of the provinces are either in the first quadrant (high income province surrounded by high income neighbors) or in the third quadrant (low income province surrounded by low income neighbors) For instance in 1992 there are 26 and 41 provinces in the first and third quadrants respectively, where these two quadrants show positive spatial autocorrelation. In the same year there are only three provinces in the second quadrant (Kahramanmaraş, Karabük, Kırıkkale) where the high income province is surrounded by low income neighbors. Finally, remaining 11 provinces are low income provinces with high income neighbors. In 2013, 26 and 29 provinces are in first and third quadrants. The number of provinces in the third quadrant has decreased from 41 to 29 in between 1992 and 2013. There are two reasons for that. First some provinces remained low income but since their neighbors sifted to high income they moved to the third quadrant (i.e. Amasya, Aksaray, Niğde) Second, even though their neighbors remained low income, some low income provinces managed to shift themselves to high income category and moved from third quadrant to the second quadrant (i.e. Artvin, Rize, Trabzon, Ordu, Tokat, Malatya).
Analyzing the evolution of Moran's scatterplot (Figure 4 ) reveals that in 1992 the distribution of provinces across quadrants are denser. In other words, the spread of provinces around perfect spatial autocorrelation line more dense in 1992 compared to 2013 indicating that spatial interdependence is decreasing throughout period of analysis. This result is consistent with the findings of the global measure of spatial autocorrelation.
Figure: 5 Color Coding Turkish Provincial Map According to Moran's Scatterplot
Color coding provinces according to quadrant they belong reveals interesting results. Up until now we verified that low and high income provinces are highly clustered. Color coding reveals that high income provinces are clustered in the west and low income province are clustered in the east. A hypothetical line roughly drawn from Bartın to Hatay sets the border between high income and low income provinces. The provinces at the second and fourth quadrant of the Moran's scatter plot are usually provinces close to this hypothetical border. Two provinces (Afyon and Uşak) are deep in high income cluster, but throughout the period, they could not manage to shift from low income category to high income category. Thus we may argue that spatial interdependence for these provinces are low. On the other side of the map there are also some provinces (Samsun, Artvin, Trabzon Rize and Malatya) where the spatial interdependence are low. These provinces were surrounded entirely by low income provinces in 1992 yet they managed to move to high income category. Apparently this shift from low income to high income category stimulated some of the surrounding provinces as well. For instance, after Samsun shifting from low income to high income category in 2005, its neighbor Amasya also shifted to high income category in 2013.
The only province that was in the first quadrant in 1992 that moved to fourth quadrant is Bolu. The province was surrounded by high income provinces however it turned out low income province as of 2013.
A Remark on Results
As stated earlier, the definition of high (low) income provinces depends on whether the per-capita income of the province is above (below) the country average. This definition leads to a practical problem. Regardless of the per-capita income level, some provinces will always be in low income category. In other words, since there is no unique, pre-determined per-capita GDP level, the definition of high and low income provinces dictates that it is impossible for all provinces to be in high income category.
At first glance, the reduction in the number of low income provinces may seem to be an affirmative result. However, under the light of the above definition, one should also be aware that the reduction in low income provinces also indicates that those provinces remained in low income category are now in even more desperate situation. Initially, poverty was distributed among 52 provinces (total of provinces in the third and fourth quadrant of the Moran's scatterplot) but in 2013 this number reduced to 43. Even though the distribution of high and low income provinces across the country became more random, we may assume that the poverty is now more concentrated in low income provinces.
Conclusion
Growth and distribution are two distinct issues within the context of macroeconomics. Turkey's progress in terms of growth is at conceivable rates, however, income distribution either among income groups or provinces still remain to be problematic. This paper investigated (a) level of provincial income inequality, (b) whether high and low income provinces are distributed randomly or follows some clusters.
The first goal is achieved by employing weighted and unweighted Gini coefficients and both measures detected a decrease in provincial income inequality. The inequality detected by weighted Gini coefficient is lower than that of the unweighted Gini coefficient. The reason for the difference between the levels of inequality detected by two measures is the fact that the weighted Gini considers population shares as well and since the high income provinces are usually those provinces with considerable amount of population, at the country level, the coefficient detects a lower inequality.
The second goal follows a step by step procedure. First the global measure of interdependence for each year is calculated by employing spatial autocorrelation measure developed by Moran. Results reveal that the spatial interdependence between provinces has decreased over the period under investigation. Yet, the recent level still indicates a highly clustered distribution of low and high income provinces. The second step is to visualize the global measure by employing Moran's scatterplot. Graphs indicate a high positive spatial autocorrelation. One may argue that if a high (low) province is surrounded by other high (low) income provinces, then it is hard for that province to move to low (high) income province category.
The final step is to color code the provinces according to the quadrants they belong in Moran's scatterplot. For the four selected years (1992, 1998, 2005, 2013) , maps reveals the fact that the high and low income provinces are clustered, and that the high income cluster is at the west and the low income cluster is at the east. This result actually just reveals what is already known. However, deeper analysis indicates that swing provinces (either from high income to low income or from low income to high income) are often at the border between the clusters. There are only couple of exceptions of this fact (Afyon, Uşak, Artvin, Rize and Trabzon). The one sentence summary of the study is that, a hypothetical line between Ereğli and Hatay roughly defines the border between high and low income provinces.
